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SYSTEM FOR DETECTING A CONTAINER OR 
CONTENTS OF THE CONTAINER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not applicable 

REFERENCE REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable 

SEQUENTIAL LISTING 

[0003] Not applicable 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 

[0005] The present invention relates to detection systems, 
and more particularly, to detection systems that can detect an 
absent or empty container in a diffuser. 

[0006] 2. Description of the Background of the Invention 

[0007] A multitude of liquid active material emitting 
devices or di?fusers exist in the marketplace. Many of such 
devices are passive devices that require only ambient air 
?oW to disperse the liquid active material therein. Other 
devices have a cord and plug extending from the device, a 
plug extending directly from the device, or batteries, to 
poWer elements of the device. In devices having a heater, 
fan, or other active emitting unit, the user often has no 
indication that a liquid active material container therein is 
absent or empty, and therefore the device and its components 
remain active. 

[0008] Others have attempted to detect an almost empty 
condition in a bag or bottle by measuring the capacitance of 
the contents in the bag or bottle. One such device is attached 
to a bag or bottle and detects a liquid level of the bag or 
bottle by detecting a change in capacitance thereof. When 
the liquid level falls beloW a speci?c liquid level, an alarm 
is generated to signal a user of the condition. Another 
invention has a capacitance-type ?uid level sensor for IV. 
and catheter bags. The sensor has conductive plates disposed 
on an outer surface of a bag to detect a variation in the 
capacitance of the ?uid. When a variation is detected, a 
comparator determines the level of the ?uid. If the ?uid is 
beloW a threshold level, an alarm signal is provided to an 
alarm driver. 

[0009] Another device that detects liquid by measuring the 
capacitance thereof is an apparatus for detection of liquid 
incendiaries. The apparatus has a sling supported by ?rst and 
second supports, Wherein tWo copper strips connected by a 
conducting Wire are attached to the sling. A bottle having 
contents therein that function as a dielectric medium of a 
capacitor is disposed in the sling betWeen and in contact With 
the copper strips. The capacitance of the apparatus changes 
based on the contents of the bottle, Wherein an output signal 
is generated to indicate the capacitance. When the output 
signal reaches a predetermined threshold voltage, a light 
emitting diode (LED) is illuminated. 

[0010] Other devices use light emitters and light detectors 
to detect a ?uid level in a container. One such device has a 
light emitter, a light detector disposed adjacent one another 
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near an opening of a container, and a ?uid level detector 
having a light conduit portion, a base surrounding the light 
conduit portion, tWo paddles moveably attached to opposite 
sides of the base, and a biasing member extending betWeen 
the paddles. Light is emitted through the conduit in the 
opening and into the container. A re?ector disposed on the 
biasing member re?ects the light back through the conduit to 
the light detector. When the container is full, the biasing 
member and paddles are biased outWardly. As the container 
empties, the container begins to collapse, Which causes the 
biasing member and paddles to move inWardly toWard one 
another. Therefore, the re?ector is moved aWay from the 
conduit, emitter, and detector, thereby varying a path of the 
light, and thus the intensity of the light received by the 
detector. The intensity of the light received by the detector 
is used as an indicator of a ?uid amount in the container. 

[0011] Another device for emitting and controlling the 
release of volatile materials having an article containing 
volatile disposed therein has a mechanism that communi 
cates information from the article to the device. The mecha 
nisms have: electrical contacts on or in the article that are 
capable of being read by electrical circuitry in the device, 
conductive labeling on or in the article that mates With 
contacts associated With the device, optical mechanisms 
including bar coding on the article being read by the device, 
changes in topography on the article that are capable of 
being read by sensors in the device, or a radio frequency 
(RF) identi?cation tag on or in the article that communicates 
With the device. 

SUMMARY OF THE INVENTION 

[0012] According to one aspect of the present invention, a 
system for detecting a container or contents of the container 
comprises a diffuser for retaining the container, Wherein the 
container is con?gured to hold an active material therein and 
includes a Wick extending therefrom. The system further 
includes a sensor positioned to detect at least one of the 
container retained in the dilfuser and the contents of the 
container retained in the diffuser. 

[0013] According to another aspect of the present inven 
tion, a system for detecting a container or contents of the 
container comprising a diffuser for retaining the container, 
Wherein the container is con?gured to hold an active mate 
rial therein. The system further includes an emitter disposed 
adjacent the container and a receiver disposed adjacent the 
container. The emitter and receiver are operatively con 
nected to detect at least one of the container retained in the 
diffuser and the contents of the container retained in the 
diffuser. 

[0014] According to yet another aspect of the present 
invention, a system for detecting a container or contents of 
the container comprises a diffuser for retaining the container, 
Wherein the container is con?gured to hold an active mate 
rial therein and includes a Wick extending therefrom. The 
system further includes an emitter disposed adjacent the 
Wick and a receiver disposed adjacent the Wick. The emitter 
and receiver are operatively connected to detect at least one 
of the container retained in the dilfuser and the contents of 
the container retained in the dilfuser. 

[0015] According to still another aspect of the present 
invention, a system for detecting a container or contents of 
the container comprises a diffuser for retaining the container, 
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wherein the container is con?gured to hold an active mate 
rial therein and includes a Wick extending therefrom. The 
system further includes a capacitance element disposed 
adjacent the Wick and a capacitance sensor for sensing a 
change in capacitance of the capacitance element. 

[0016] Other aspects and advantages of the present inven 
tion Will become apparent upon consideration of the folloW 
ing detailed description and the attached draWings, in Which 
like elements are assigned like reference numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 a perspective vieW of a diffuser; 

[0018] FIG. 2 is a side vieW of the diffuser of FIG. 1; 

[0019] FIG. 3 is a cross-sectional vieW of the diffuser of 
FIG. 2 incorporating a container having liquid active mate 
rial and a detection system therein and taken generally along 
the lines 3-3 of FIG. 2; 

[0020] FIG. 4 is a fragmentary cross-sectional vieW of a 
container having liquid active material therein and an 
embodiment of a detection system of FIG. 3 With portions 
behind the plane of the cross-section omitted for purposes of 
clarity; 

[0021] 
4; 

FIG. 5 is a plan vieW of the embodiment of FIG. 

[0022] FIG. 6 is a fragmentary cross-sectional vieW simi 
lar to that of FIG. 4, Wherein the container is replaced by an 
empty container; 

[0023] FIG. 7 is a plan vieW of the embodiment of FIG. 
6; 

[0024] FIG. 8 is a fragmentary cross-sectional vieW simi 
lar to that of FIG. 4 having a container having liquid active 
material therein and embodying a second embodiment of a 
detection system, With portions behind the plane of the 
cross-section omitted for purposes of clarity; 

[0025] FIG. 9 is a plan vieW of the embodiment of FIG. 
8; 

[0026] FIG. 10 is a fragmentary cross-sectional vieW 
similar to that of FIG. 8, Wherein the container is replaced 
by an empty container; 

[0027] FIG. 11 is a plan vieW of the embodiment of FIG. 
10; 

[0028] FIG. 12 is a front vieW of another diffuser of the 
present invention; 

[0029] FIG. 13 is a side vieW of the diffuser of FIG. 12; 

[0030] FIG. 14 is a cross-sectional vieW of the diffuser of 
FIG. 12 incorporating a container having liquid active 
material and a detection system therein and taken generally 
along the lines 14-14 of FIG. 13; 

[0031] FIG. 15 is a fragmentary cross-sectional vieW of a 
container having liquid active material therein and a third 
embodiment of a detection system, With portions behind the 
plane of the cross-section omitted for purposes of clarity; 

[0032] FIG. 16 is a fragmentary cross-sectional vieW 
similar to that of FIG. 15, Wherein the container is replaced 
by an empty container; 
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[0033] FIG. 17 is a fragmentary cross-sectional vieW of a 
container having liquid active material therein and a fourth 
embodiment of a detection system, With portions behind the 
plane of the cross-section omitted for purposes of clarity; 

[0034] FIG. 18 is a fragmentary cross-sectional vieW 
similar to that of FIG. 17, Wherein the container is replaced 
by an empty container; 

[0035] FIG. 19 is a fragmentary cross-sectional vieW of a 
container having liquid active material therein and a further 
embodiment of a detection system, With portions behind the 
plane of the cross-section omitted for purposes of clarity; 

[0036] FIG. 20 is a fragmentary cross-sectional vieW 
similar to that of FIG. 19, Wherein the container is replaced 
by an empty container. 

[0037] FIG. 21 is a front vieW of another embodiment of 
a detection system of the present invention; 

[0038] FIG. 22 is a side vieW of the embodiment of FIG. 
21; 
[0039] FIG. 23 is a cross-sectional vieW of the embodi 
ment of FIG. 21 taken generally along the lines 23-23 of 
FIG. 22, Wherein portions behind the plane of the cross 
section have been omitted for purposes of clarity; and 

[0040] FIG. 24 is a cross-sectional vieW of a further 
embodiment, Wherein portions behind the plane of the 
cross-section have been omitted for purposes of clarity. 

[0041] FIG. 25 is a front vieW of a further embodiment of 
a detection system of the present invention; and 

[0042] FIG. 26 is a diagram of an exemplary circuit for 
controlling one or more components of the present inven 
tion; 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] FIGS. 1 and 2 illustrate a diffuser 52 generally 
comprising a housing 54 having a compartment 56 con?g 
ured to receive and releasably hold a container 58 of active 
material having a Wick 60 extending therefrom, and an 
electrical plug 62 for connecting the diffuser 52 to a poWer 
source. In one embodiment of the present invention, the 
active material is a liquid active material, but may also be a 
solid, semi-solid, gel-like, or combinations thereof. The 
diffuser also may have a heating element 64 to enhance the 
diffusion of the active material in the container 58. 

[0044] Illustratively, the housing 54 is made of a thermo 
plastic material and is injection molded, although the hous 
ing 54 may be made of any other suitable material. As seen 
in FIGS. 1 and 2, the housing 54 includes an upper portion 
66 and a loWer portion 68 that are fastened together by 
heat-staking or any other suitable fastening means, includ 
ing, for example, rivets, press ?t, snap ?t, screWs, ultrasonic 
Welding, adhesives, or the like and combinations thereof. 
The upper portion 66 substantially forms the compartment 
56 into Which the container 58 is inserted. A front surface 70 
of the upper portion 66 of the housing has an opening 72 that 
engages a raised pattern 74 on the container 58 to releasably 
hold the container 58 in place in the housing 54 during use. 
The front surface 70 of the upper portion 66 of the housing 
54 is suf?ciently pliant so that pulling the container 58 in a 
doWnWard direction causes the raised pattern 74 to release 
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from the opening 72 in the front surface 70, thereby enabling 
removal of the container 58 from the diffuser 52. Optionally, 
the diffuser 52 may include an adjustment mechanism 75 for 
moving the Wick 60 toWard and aWay from the heater 64, 
thereby increasing and decreasing, respectively, the amount 
of liquid active material that is volatiliZed. Alternatively, a 
neck portion 76 of the container 58 may be designed, for 
example, to snap to, or screW into, the housing 54. Suitable 
containers are available in a Wide variety of liquid formu 
lations from SC. Johnson & Son, Inc., of Racine, Wis., 
under the GLADE® PLUGINS® SCENTED OILS® and 
RAID® brand names. 

[0045] In one embodiment of the present invention, the 
heating element 64 is a metal oxide resistor potted in a 
ceramic block, Which is capable of handling up to at least 
about 5 W. One suitable resistor is a 6 k9 resistor, capable 
of handling 5 W. Alternatively, the heating element 64 may 
comprise any other suitable type of heating device, such as 
a resistance heater, a Wire-Wound heater, a positive tempera 
ture coef?cient (PTC) heater, or the like, and combinations 
thereof. 

[0046] The plug 62 may be disposed in either the upper or 
loWer portion 66, 68, of the housing 54, and/or may be 
con?gured as a separate element that is interposed betWeen 
the upper and loWer portions 66, 68 of the housing during 
assembly. Illustratively, the plug 62 is secured to the housing 
54 in a manner that alloWs the plug 62 to rotate relative to 
the housing 54, in order to support the diffuser 52 in an 
upright position in both horizontal and vertical Wall outlets. 

[0047] Optionally, the diffuser 52 may include a Wick 
adjustment mechanism as described in, for example, US. 
Patent Application Publication No. 2003/0138241 A1, 
Which is hereby incorporated by reference. 

[0048] A Wick of the present invention may be of any 
desired Wick material, such as, for example, a porous/ 
sintered plastics or polymers, such as ultra-density or ultra 
high-density polyethylene and polypropylene, bonded 
?bers, glass sintered ?bers, ceramic materials, carbon ?bers, 
sintered carbon, Wood, metal foams, compressed Wood 
composites, bundled ?bers, Woven material ?bers, natural 
?bers, synthetic ?bers, and the like. Examples of natural 
?bers useful in the present invention include cotton and 
linen. Examples of synthetic ?bers useful in the present 
invention include nylon, polypropylene, polyethylene, poly 
esters, polyamides, rayon, and polyacetates. Examples of 
Wick materials useful in the present invention are described 
in, for example, US. Patent Publication No. 2002/0136886. 
One consideration in the selection of the Wick material used 
in a diffuser of the present invention is the temperature 
required for the volatiliZation of the active material selected 
and the temperature tolerance of the Wick material. For 
example, ceramic has a high temperature tolerance, While 
natural ?bers generally have a loWer temperature tolerance. 
The ability to tailor pore siZe to address Wicking rates and 
fouling is also a consideration When selecting the Wick 
material. Mixtures and combinations of the above Wick 
materials may also be used in the present invention. A 
container of the present invention may also include one or 
more Wicks of the same or different Wick material. Option 
ally, the Wick of the present invention may be surrounded by 
a plastic shield to protect components of the diffuser from 
contact With the liquid active material contained in the Wick. 
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[0049] As seen in FIGS. 3-7, a ?rst embodiment of the 
detection system of the present invention as incorporated 
into the diffuser 52 of FIGS. 1 and 2 includes a light emitter 
80 and a light receiver 82 disposed on opposite sides of the 
Wick 60 that extends from the container 58. Illustratively, the 
light emitter 80 is an LED, but may also be any other 
lighting element that produces infrared, ultraviolet, red light, 
and/or visible light. Optionally, the light emitter 80 may be 
a modulated light source and/or may be a colored LED. An 
example of a suitable LED is a red LED modulated at 10 
kHZ With a model number L7ll3SECH from Kingbright 
Corporation of Taipei, TaiWan. Selection of the light emitter 
may depend on many factors, including, but not limited to, 
the necessary luminous intensity, the necessary vieWing 
angle, the light emitter siZe, the desired color, the desired 
Wavelength, the distance or placement of the light emitter 
Within the diffuser, the electronics circuitry and/or function 
ality used in the diffuser, and/or any other relevant factors. 
In this embodiment, the light receiver 82 is a phototransistor, 
but may also be any other light receiving element that is 
sensitive to and/or can detect and/or receive infrared, ultra 
violet, red light, and/ or visible light, including a photodiode. 
An example of a suitable phototransistor is a phototransistor 
sold under model number PT928-6C by Everlight Electron 
ics Co. Ltd. of Taipei, TaiWan. 

[0050] The light emitter 80 and light receiver 82 may be 
attached to any portion of the diffuser 52 that surrounds the 
Wick 60 and alloWs the light emitter 80 and light receiver 82 
to be disposed in-line With one another. As seen in FIG. 3, 
the light emitter 80 and light receiver 82 may be attached to 
?rst and second portions 83, 84 of a Wick centering element 
85 disposed in the diffuser 52. The light emitter 80 and light 
receiver 82 may be attached by any means knoWn in the art. 
In an example, the light emitter 80 and light receiver 82 (or 
other components of a detection system) may be attached to 
a disk-shaped circuit board. The circuit board may be 
disposed perpendicular to an axis of the Wick 60 With the 
light emitter 80 and light receiver 82 disposed adjacent the 
Wick 60 (or container 58 in the appropriate embodiments). 
The circuit board is attached to the housing 54 by any means 
knoWn in the art. For example, the circuit board may be 
attached to the housing by adhesive, a snap-?t connection, 
screWs, an interference ?t, or the like. 

[0051] Optionally, the light emitter 80 and light receiver 
82 may be disposed near a top portion of the Wick 60. If a 
user inserts a container 58 With a short Wick 60, or if the user 
does not fully insert the container 58 into the diffuser 52, the 
Wick 60 may not extend into the path betWeen the light 
emitter 80 and light receiver 82, and thus, the light trans 
mitted by the emitter 80 is detected directly by the receiver 
82. In such scenario, the diffuser 52 may treat this situation 
as if the container 58 Were absent and trigger an event to 
indicate such condition. 

[0052] As seen in FIGS. 4 and 5, When the container 58 
is full or contains an amount of liquid active material 
therein, the Wick 60 absorbs the liquid active material, 
thereby alloWing the liquid active material to spread 
throughout the entire Wick 60. In such a case, When the 
liquid active material remains in the container 58 and the 
Wick 60 is Wet, light from the light emitter 80 is refracted 
through the saturated porous Wick 60, alloWing some light to 
be detected by the receiver 82. The refractive index of the 
liquid active material and the material of the Wick determine 
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the amount of light from the light emitter 80 that is actually 
detected by the light receiver 82. For example, in one 
embodiment, since Water has a very loW refraction index, if 
the container 58 has Water therein and the Wick 60 absorbs 
Water throughout, the light emitted from the light emitter 80 
is not refracted through the Wick 60 and is therefore not 
detected by the light receiver 82. Therefore, in one embodi 
ment of the present invention, the liquid active material must 
have a high enough refractive index to refract light through 
the Wick 60 to ensure that light Will be detected by the 
receiver 82. 

[0053] When the container 58 is empty, as seen in FIGS. 
6 and 7, the Wick 60 does not have any liquid active material 
to absorb and thus, the Wick 60 becomes dry. Generally, a 
dry state occurs Within about seventy-tWo hours of the liquid 
active material completely evaporating, but this varies 
depending on the material used for the Wick and the prop 
erties of the liquid active material. In this embodiment, When 
the Wick 60 is dry or empty, light from the light emitter 80 
enters the dry Wick and is re?ected into the many cavities of 
the porous Wick 60, With light being absorbed. At some 
point, the light is no longer transmitted through the Wick and 
therefore does not reach the light receiver 82. 

[0054] In the embodiment of FIGS. 4-7, if the container 
58 and therefore the Wick 60 are absent and thus, not inserted 
into the diffuser 52, light is emitted from the light emitter 80 
and received Without interruption by the light receiver 82. In 
this case, the light receiver 82 receives direct light from the 
light emitter 80 and thus, the light received has a greater 
intensity than the light received by the receiver 82 When the 
Wick 60 is Wet. 

[0055] As should be evident from the foregoing, in the 
embodiment of FIGS. 4-7, three different conditions may be 
present and detectable: an absent container 58, an empty 
container 58, and a full or partially full container 58. In this 
embodiment, different signals may be developed for each 
condition. For example, the receipt of light by the light 
receiver 82, indicating a full or partially full container 58, 
may signal the diffuser 52 to operate in its normal fashion. 
Further, the non-receipt of light by the light receiver 82, 
indicating an empty container 58, may trigger an event in the 
diffuser 52 to indicate to the user that the container 58 is 
absent or empty. For example, non-receipt of light by the 
light receiver 82 may trigger the device to deactivate the 
heater 64 (FIG. 2). Optionally or in addition, the diffuser 52 
may include an LED indicator on an outer surface thereof 
that may be activated to indicate that the container 58 is 
empty. Further, the receipt of high intensity light by the light 
receiver 82, indicating an absent container 58, may trigger a 
similar or different event by the diffuser 52. 

[0056] Optionally, the light receiver 82 of FIGS. 4-7 may 
be a different type of light receiving device, such as a light 
pipe. When the container 58 contains liquid active material, 
the light pipe 82 receives light transmitted by the light 
emitter 80 and directs the light onto a surface that is visible 
to the user to indicate that the diffuser is fully functioning. 
Alternatively, When the container 58 is empty, no light is 
visible to the user, thereby indicating that the device is not 
fully functional. 

[0057] In the embodiments of FIGS. 3-7, the light receiver 
82 is disposed close to the Wick 60 in order to reduce or 
minimize the amount of stray light that the receiver 82 might 
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detect and/or to increase or maximiZe the light intensity to 
increase the likelihood of the receiver 82 detecting the light 
from the emitter 80. In an example, the light emitter 80 and 
the light receiver 82 are potentially both disposed betWeen 
about 1 mm and about 10 mm from the Wick 60, and more 
preferably betWeen about 2.5 mm and about 7.5 mm from 
the Wick 60, and most preferably about 5 mm from the Wick 
60. Optionally, the light emitter 80 and/or light receiver 82 
may be disposed greater than 10 mm from the Wick 60. 
When the distance betWeen the light emitter 80 and/or light 
receiver 82 and the Wick 60 is greater than 10 mm, a 
collimator or a light pipe may be employed to focus the light 
emitted into the Wick 60 and the light coming from the Wick 
60. A collimator may also be used for distances less than 10 
mm in order to increase the efficiency of the detection 
device. Examples of collimators include a narroW tube, a 
straight or shaped lens, or any other knoWn collimator. 

[0058] Although in FIGS. 3-7 the light emitter 80 and 
light receiver 82 are shoWn disposed adjacent the Wick 60 
above ?rst and second sides 90, 92 of the container 58, the 
light emitter 80 and receiver 82 may also be disposed in the 
same manner adjacent the Wick 60 at or near the front and 
back 94, 96 of the container 58. Alternatively, the light 
emitter 80 and light receiver 82 may be disposed in any 
corresponding position surrounding the Wick 60, Wherein 
the light emitter 80 and light receiver 82 are on opposite 
sides of the Wick 60. 

[0059] As seen in FIGS. 8-11, a second embodiment of 
the detection system of the present invention as incorporated 
into the diffuser 52 of FIGS. 1 and 2 includes a light emitter 
180 and a light receiver 182 disposed around a Wick 160 that 
extends from a container 158. In this embodiment, the light 
emitter 180 and light receiver 182 are at an approximate 
right angle to one another, but may also be at any other 
desirable or suitable angle Wherein the light receiver 182 can 
potentially detect light from the light emitter 180. Also in 
this embodiment, the light emitter 180 is an LED and the 
light receiver 182 is a phototransistor, but either may also be 
any other device that emits or receives light as described 
herein or knoWn in the art. The LED of FIGS. 8-11 may be 
slightly offset from a center of the Wick 160 so as to avoid 
partial illumination of the Wick 160 in front of the light 
receiver 182. The light receiver 82 is disposed close to the 
Wick to reduce or minimize receipt of stray light by the 
receiver 82. 

[0060] When the container 158, as seen in FIGS. 8 and 9, 
is full or contains an amount of liquid active material 
therein, the Wick 160 absorbs the liquid active material, 
thereby alloWing the liquid active material to Wick or move 
throughout the entire Wick 160. When the Wick 160 is Wet, 
light from the light emitter 180 is refracted through cavities 
of the porous Wick 160, thereby alloWing some of the light 
to be detected by the light receiver 182. As seen in FIGS. 10 
and 11 When the container 158 is empty, no liquid active is 
absorbed by the Wick 160 and thus, the Wick 160 is dry. 
When the Wick 160 is dry, light from the light emitter 180 
is absorbed by the Wick 160 and therefore does not reach the 
light receiver 182. Also, When the container 158 and Wick 
160 are not inserted into the diffuser 52, no light is detected 
by the receiver 182. 

[0061] In the embodiment of FIGS. 8-11, the non-receipt 
of light by the light receiver 182 indicating an absent or 














